Salvadora oleoides
INTRODUCTION
In the past various plant extracts have been extensively used to cure infectious diseases and healing of wounds. As literature reveals plants have great potential against infectious agents and can be used for therapeutic purposes (Upadhyay et al., 2010) . The use of higher plants and preparations made from them to treat infections is an age-old practice in a large part of the world population, especially in developing countries, where there is dependence on traditional medicine for a variety of diseases (Ahmed et al., 1998) . It has been estimated that 14-28% of higher plant species are used medicinally, that only 15% of all angiosperms have been investigated chemically and that 74% of pharmacologically-active plant derived components were discovered after following up on ethno medical use of the plant (Farnsworth and Soejarto, 1991) . Interest in plants *Corresponding author. E-mail: yadav1964@rediffmail.com. with antimicrobial properties has revived as a consequence of current problems associated with the use of antibiotics (Emori and Gaynes, 1993; Pannuti and Grinbaum, 1995) .
The emergence of multidrug resistant strains of many microorganisms due to extensive use of antibiotics has revealed exploration of alternative antimicrobial agents. There is an alarming situation in the world to cope these multidrug resistance microbes. The numbers of resistant strains of microbial pathogens are growing since penicillin resistant and multi-resistant pneumococci caused a major problem in South African hospitals in 1977. Berkowitz (1995) calls the emerging of drug resistant bacteria, a medical catastrophe. Medicinal plants have become the focus of intense study in terms of validation of their traditional uses through the determination of their actual pharmacological effects. The use of medicinal plants for therapy is an ancient practice. Though much work has been done on ethno medicinal plants, there is still need to seek plants with medicinal value to combat diseases (Adomi and Umukoro, 2010) . Synthetic drugs are not only expensive and inadequate for the treatment of diseases but also often with adulterations and side effects. Therefore, there is need to search new infection fighting strategies to control microbial infections (Sieradzki and Tomasz, 1997) . Medicinal plants represent a rich source of antimicrobial agents. Plants are used medicinally in different countries and are a source of many potent and powerful drugs (Srivastava et al., 1996) . In vitro antimicrobial screening permits the selection of crude plant extracts with potentially useful properties to be used for further chemical and pharmacological studies (Machado et al., 2003) .
Salvadora oleoides Decne (Salvadoraceae family), an endangered economic plant (Regional vulnerable) commonly known in India as meetha jal is an oil-yielding medicinal and multipurpose tree (Singh, 2004) . It can grow in arid and alkaline conditions (Singh et al., 1996) . The leaves of S. oleoides are used to relieve cough and for treatment of enlarged spleen and fever. The leaves of S. oleoides are said to possess anti-inflammatory, analgesic, and antiulcer activity (Anonymous, 1972) . Despite the wide use of this plant in India, it has not received much attention and has not been fully studied. Therefore, the aim of the present study was to evaluate the antimicrobial activity of organic and aqueous extracts of S. oleoides.
MATERIALS AND METHODS

Plant material and extract preparation
Different plant parts (leaves, root, and stem) were collected from Sunariyan Kalan village of Rohtak district during rainy season. Plant materials were thoroughly washed with deionized water, shade dried, chopped and converted into fine powder in Willey grinder. The dried powdered materials (400 g) were extracted successively with 2000 ml of solvents viz. Petroleum ether, Benzene, Chloroform, Methanol, and Aqueous according to their increasing polarity by using Soxhlet apparatus for 36 h. The obtained extracts were then filtered by using Whatman No. 1 filter paper and then concentrated under vacuum at 40°C by using a rotary eva porator. The extract was then lyophilized (Allied Frost lyophilizer) to powdered form at -55°C under vacuum conditions. A stoc k concentration of 100mg/ml in 10% DMSO of each extract was made and stored in freezer for further experimentation. Kumar et al. 2755
Microorganisms used
Antimicrobial testing
Antimicrobial testing was done by the modified agar well diffusion method as described by Perez et al. (1990) . Bacterial strains were cultured overnight in Nutrient agar (HiMedia, Mumbai) at 37±2°C and fungal strains were cultured in Sabouraud Dextrose Agar (HiMedia, Mumbai) at 30±2°C. Overnight grown culture of microorganisms was used for inoculums preparation. A loopful of isolated colony was inoculated in 4ml of Peptone water (HiMedia, Mumbai) at 37°C for 2 h. The turbidity of resulting suspension was compared to 0.5 McFarland turbidity standards. The level of turbidity was equivalent to approximately 3.0 × 10 5 cfu/ml. The Mueller Hinton Agar media (HiMedia, Mumbai) was prepared and poured into Petri dishes. Once the media solidifies it was then inoculated with microorganism suspended in peptone water. The media was then punched with 6 mm diameter hole and filled with extract and control (positive and negative). Streptomycin was taken as positive control for bacterial strains and ketocanozole for fungal strains. DMSO was used as negative control. The experiment was performed at three different concentrations (6, 8, and 10 mg). The test was carried out in triplicates to eliminate any error. The Petri dishes were incubated for 24 h at 37±2°C for bacteria and 30±2°C for fungi . The antimicrobial activity was calculated by measuring the diameter of zone of inhibition in millimeters around the well.
Minimum inhibitory concentration (MIC)
A minimum inhibitory concentration (MIC) is the lowest concentration of an antimicrobial agent that inhibits the growth of a microorganism after 18 to 24 h. The extracts that showed antibacterial activity by agar well diffusion method were subjected to serial micro broth dilution technique to determine their minimum inhibitory concentration by using resazurin as a cell growth indicator. Briefly, the stock solutions of different extracts were subjected to two-fold serial dilution in the Muller-Hinton broth to obtain concentrations from 50 mg/ml to 0.39 mg/ml. Standard antibiotic streptomycin was placed as positive control. A 10 µl of 5 × 10 5 cfu/ml bacterial cultures were added to the microtitre plates and were incubated at 37°C for 18-24h. MIC was determine d by color change. The minimum concentration of the extracts that showed no color change was taken as the minimum inhibitory concentration (Sarker et al., 2007) .
Preliminary phytochemical screening
Preliminary phytochemical analysis of various extracts of different plant parts were also carried out by following the methods described by Harborne (1991) .
Statistical analysis
The average values were obtained by means of three replicates and are presented as average ± standard errors of the mean (SEM). Data were subject to analysis of variance (ANOVA). Results are given in the text as probability values, with p<0.05 adopted as criterion of significance; difference between treatment means were established with Deunett multiple range test. Graph pad prism version 5 was used in the statistical analysis.
RESULTS
Results from the well diffusion method showed that out of five Root extracts; aqueous extract didn't show any (Table 2) .
Only those extract were taken for MIC study which show certain activity from well diffusion method. MIC results from the study showed that Benzene extract was more active than any other extract (Table 3) . As shown in the MIC results from the study showed that Benzene extract was most active showing highest antibacterial activity against the tested pathogens (Table 4) . MIC value of Benzene stem extract was in the range from 6.25 to 25 mg/ml with B. subtilis and B. cereus was highly susceptible showing MIC of 6.25 mg/ml each. On the other hand Petroleum ether, Chloroform, and Aqueous extracts showed MIC value in the range 12.5 to 25 mg/ml. Methanol extract showed no activity against any of the tested pathogens. Most resistant bacterial strain was S. epidermidis showing MIC value of 25 mg/ml.
The preliminary phytochemical analysis of various extracts of S. oleoides revealed the presence of alkaloids, terpenes, steroids, saponin, glycosides and tannins (Table 5) .
DISCUSSION
Different plant extract tested in this work showed that leaf extract showed no activity against any of the tested microbial strains. Only root and stem extracts showed the activity against the tested microbial strains. Antimicrobial activity results of Values are in mean ± S.E., 0-No inhibition zone, * Streptomycin. different plant part extracts showed that activity of extracts varied from one microbial strain to another. The sensitivity test result showed that the extracts were less potent than the standard antibiotics streptomycin and ketokenazole. Generally the reduced efficacy of extracts relative to standard antibiotics, used in the study may be due to the fact that, they are still crude and require further purification. It is important to bear in mind that concentration of extract used in the test may be correlated with a high activity of its chemical components. The antibacterial activities of all the extracts of the plants materials were concentration dependent as zone of growth inhibition increased with increasing concentration of the extracts. Ekwenye and Elegalam (2005) and Azu and Onyeagha (2007) reported that the efficacy of most plant extracts is concentration dependent.
Results from the study showed that extracts were equally effective against Gram +ve and Gram -ve bacteria. These results confirmed the observation of earlier studies (Zarchil and Babaei, 2006; Sule et al., 2011; Coopoosamy and Naidoo, 2011) . Literature data concerning therapeutic / antimicrobial activity of S. oleoides is very limited. Ethanolic extract of the S. oleoides was investigated for antifungal activity against A. solani, R. solani, and M. phaseolina and found that plant exihibited minimum inhibition against the tested fungi (Aslam et al., 2010) . Seeds of the two species (S. oleoides and S. persica) have medicinal properties like cure for piles, rheumatism, skin diseases etc (Kumar and Rao, 2002) . Phytochemical study on S. oleoides reveals the presence of alkaloids, terpenes, steroids, saponins, glycosides, tannin, amino acid, and is confirmed by Yadav et al., (2005) and it is believed that the various therapeutically activity of this plant is due to these phytochemicals.
Another species of this genus, S. persica has been vastly studied and documented. Chloroform, methanol and aqueous extract of S. persica were highly active against the four fungal species: A. fumigatus, A. niger, A. flavus and C. albican (Saadabi, 2006) while the present study on S. oleoides showed no activity against A. fumigatus, C. albican and A. niger. Aqueous and Methanolic extract of S. persica was investigated for antimicrobial activities against 7 isolated oral pathogens: S. aureus, S. mutans, S. pyogenis, L. acidophilus, P. aeruginosa and C. albicans and observed that aqueous extract inhibited all isolated micro-organisms especially the Streptocoocus species and was more efficient than the methanolic extract (Albayati and Sulaiman, 2008) . In the present study the aqueous stem extract of S. oleoides revealed activity against S. aureus only. Methanolic extract of S. persica was shown to be active against C. albican (Runyoro et al., 2006) while in the present study none of the methanolic extract of S. oleoides was found to be active except root extract of methanol against B. cereus. The contrary results of these two plant species may be due to differences in bioactive components present in these plants. Ethanolic extract of S. persica showed activity against S. faecalis and C. albican (Al-samh and Bagieh, 1996) . Synergistic effect of ethanolic extracts of S. persica in combination with standard drugs tetracycline and penicillin showed the enhanced activity of both the standard drugs against S. aureus (Ahmed et al., Table 5 . Preliminary phytochemical analysis of Salvadora oleoides.
Plant part/ Extract Alkaloid Terpenes Steroids Saponins Glycosides A. acid Tannins
Salvadora oleoides
Salvadora oleoides Stem PE A P P P P A P BE P P P P P A P CH P P P P P P P ME P P P P P P P AQ P A A P P P P Salvadora oleoides Leaves PE P P A A A P A BE P P A P A P A CH P P P P P P A ME P P P A P A P AQ P P P P P A P PE-Petroleum ether, BE-Benzene, CH-Chloroform, ME-Methanol, AQ-Aqueous, P-Present, A-Absent.
2009). Toothbrushes made from roots and small branches of S. persica have been used for over 1000 years for relieving toothache and gum diseases (Ramoliya and Pandey, 2002) .
It has been shown that the antimicrobial activity of crude extract may be due to synergistic (Anthonia and Olumide, 2010; Joung et al., 2010; Adwan et al., 2009; Ghaly et al., 2009; Nascimento et al., 2009; Ahmed et al., 2009) or Antagonistic (Neyestani et al., 2007; Toroglu, 2007; Kongcharoensuntorn et al., 2007) effects of various components present in the crude extract. The antibacterial activity reported in S. oleoides in the present study may be due to the presence of alkaloids, terpenes, steroids, saponin, glycosides and tannins. Some components of the extract may have additive effect to the overall activity of extract or reverse may occur, that is, some components may have inhibitory/regulatory effect to the active components of the extract. Such kind of things needs to be searched so that ignorance to a medicinal plant in view of its low antimicrobial potency can overcome.
Conclusion
The present study strongly suggest antibacterial role of S. oleoides. The conclusion was that the observable inhibition on selected bacterial strains by root and stem extracts obtained in organic solvents benzene, chloroform and aqueous stem extracts of S. oleoides makes it a promisive alternative for the development of an indigenous antimicrobial agent.
